The test lecture rooms on Katholieke Universiteit Leuven (KU Leuven) Ghent Technology Campus (Belgium) are a demonstration case of Annex 62: Ventilative Cooling of the International Energy Agency's Energy in Buildings and Communities programme (IEA EBC). The building is cooled by natural night ventilation and indirect evaporative cooling (IEC). Thermal comfort and the performances of ventilative cooling are evaluated. Long-term measurements of internal temperatures, occupancy, opening of windows and IEC were carried out in the cooling season of 2017. The airflow rates through the windows in cross-and single-sided ventilation mode were measured by both tracer gas concentration decay and air velocity measurements. In addition, the air flow pattern is visualized by measuring air temperatures in the room. The results show that good thermal summer comfort was measured except during heat waves and/or periods with high occupancy. Both nighttime ventilation and IEC operate very well. IEC can lower the supply temperature by day significantly compared to the outdoor temperature. The Air Changes Rates (ACR) of the night ventilation greatly depends on wind direction and velocity. The air temperature profile showed that the air is cooled down in the whole lecture but more in the upper zone. The extensive data monitoring system was important to detect malfunctions and to optimize the whole building performance.
Introduction
In the recently approved second recast of the Energy Performance of Buildings Directive (EPBD) [1] , the member states of the European Union committed themselves to develop a sustainable, competitive, secure, and decarbonized energy system by 2050. An important aspect to achieve this goal is to find a cost-efficient equilibrium between decarbonizing energy supplies and reducing final energy consumption of the building stock. While the first recast of the EPBD [2] required that from 2020, all new buildings in the European Union have to be nearly zero-energy buildings (nZEB), this second recast focusses on renovation strategies. An average renovation rate of 3% annually towards nZEB, where nearly means cost effective, is needed [1] .
One of the major new challenges in these highly insulated and airtight buildings is the increased need for cooling and the risk on overheating not only during summer but all year round. In addition, this cooling demand depends less on the outdoor temperature and more on the internal and solar heat gains [3] . A shift is noticed from reduction in heating to reduction in cooling demand. As a consequence, conceptual and building technical measures as well as energy efficient cooling systems are needed in these nZEB buildings to guarantee good thermal comfort all year round. Ventilative cooling is an example of an energy efficient cooling method that can contribute to achieve the goal of the 2nd recast of the EPBD and was extensively studied within IEA EBC Annex 62 [4] . Ventilative cooling is defined as "the application of the cooling capacity of the outdoor air flow by ventilation to reduce or even eliminate the cooling loads and/or the energy use by mechanical cooling in buildings, while guaranteeing a comfortable thermal environment" [3] .
Ventilative cooling strategies depend on the indoor-outdoor temperature difference. For temperate outdoor conditions, i.e., mean outdoor 2 to 10 • C lower than indoor temperature, an increased airflow rate by day and night is recommended. For hot and dry, i.e., indoor-outdoor temperature difference between −2 • C and +2 • C, only the airflow rate during nighttime, i.e., night ventilation, is maximized. Extra natural cooling, like evaporative cooling and earth-to-air-heat-exchanger, or mechanical cooling can be provided to reduce the air intake temperature during daytime [3] . Santamouris and Kolokotska [5] reviewed the state of the art technologies for passive cooling including ventilative cooling and concluded that "the efficiency of the proposed passive cooling systems is found to be high while their environmental quality is excellent. Expected energy savings may reach 70% compared to a conventional air conditioned building". Night ventilation was found to be very effective to reduce the cooling demand in office buildings and improve thermal summer comfort regardless the climatic conditions [5] . In free floating buildings, amongst others [6] [7] [8] [9] [10] monitored that night ventilation can decrease the next day peak internal temperature up to 3 • C. In addition, the climatic cooling potential of buildings with night ventilation in Europe was evaluated by Artmann et al. [11] . A very significant climatic cooling potential was found in Northern Europe; a significant in central and Eastern Europe but series of warmer nights can occur. As a consequence, night ventilation may not be sufficient to guarantee good thermal comfort during these periods [11] . Santamouris and Kolokotska [5] also concluded, based on amongst others [12] [13] [14] , that "indirect evaporative cooling techniques can be low energy solutions for medium and large buildings where passive cooling techniques cannot reach the required comfort conditions". However, these systems require fan energy, which can be up to 20% less due to lower air velocities [5] . Kolokotroni and Heiselberg [15] give amongst other things, insight in the limitations and barriers to ventilative cooling. The most important are the impact of global warming and heat island effect [6, 16, 17] noise and pollution [18] . It is expected that the average cooling potential of night ventilation will decrease significantly with regionally varying implications. In Northern Europe, the risk of thermal discomfort in buildings that use exclusively night ventilation is increased while in Central Europe the periods with low night cooling potential are becoming more frequent [19] .
Appropriate control is also a requirement to guarantee good thermal comfort. To ensure that the required window opening on a regular basis, the night ventilation strategy should be integrated to the office buildings energy management system [5] .
The test lecture rooms of KU Leuven Ghent Technology Campus, which are studied in this paper, were one the demonstration cases of IEA EBC Annex 62: Ventilative Cooling [20] . Natural night ventilation and indirect evaporative cooling techniques are applied. This paper aims to evaluate thermal comfort in this nZEB school building and to discuss the performances of its ventilative cooling systems.
First, a description of the building, its systems, and more specifically the ventilative cooling and control strategies are presented. Afterwards, the measurement setup for the evaluation of air flow rates, operation of ventilative cooling and thermal comfort is shown. Section 3 presents the results of the measurements and finally the conclusions and lessons learned are presented.
Materials and Methods
This paragraph describes the building, its systems and the ventilative cooling as well as the measurement setup.
Building Description

Building and Use
The nZEB school building is realized at the technology campus Ghent of KU Leuven (Belgium) on top of an existing university building. The building contains four zones (see Figure 1) : two large lecture rooms (1) and (2), a staircase (3) and a technical room (4) . The lecture rooms have a floor area of about 140 m 2 , a volume of 380 m 3 . The lecture rooms are designed as identical zones with a different thermal mass. The lower room has a brick external wall with exterior insulation while the upper room has a lightweight timber frame external wall with the same U-value. Both lecture rooms have a concrete slab floor. This results in a light (2nd floor) and a medium (1st floor) thermal mass according to EN ISO 13790 [21] . Table 1 shows the building properties. The school building is designed and constructed according to the Passive House standard. This means that the air tightness n 50 is lower than 0.6 h −1 and the U-values of the envelope parts are maximum 0.15 W/m 2 K. The windows are constructed with triple glazing and have a g-value of 0.52. The window-to-wall ratio is 26.5% on both façades. The window-to-floor ratio is 13%. The windows are equipped with internal and external solar shading. The external solar shading are moveable screens on the southwest façade which are controlled automatically and provided of manual overrule.
The occupancy level in the building is dependent on the academic year, which counts 124 days with courses and 63 days with exams (in January, June and August-September). Holiday periods are in April (2 weeks), July and the first half of August (6 weeks) and December-January (2 weeks). The lecture rooms are in use from Monday to Friday between 8 h15 and 18 h with a maximum occupancy of 80 persons or 1.78 m 2 /pers. Figure 2 shows details of 1 typical week of occupancy.
The net energy demand for heating in this school building is calculated in [22] . The annual net heating demand is 11 kWh/(m 2 ·a), fulfilling the requirements of Passive House standard in school buildings [23] . In addition, large heat gains during the whole year and a short heating season, i.e., from November till March, are noticed. The nZEB school building is realized at the technology campus Ghent of KU Leuven (Belgium) on top of an existing university building. The building contains four zones (see Figure 1) : two large lecture rooms (1) and (2), a staircase (3) and a technical room (4) . The lecture rooms have a floor area of about 140 m 2 , a volume of 380 m 3 . The lecture rooms are designed as identical zones with a different thermal mass. The lower room has a brick external wall with exterior insulation while the upper room has a lightweight timber frame external wall with the same U-value. Both lecture rooms have a concrete slab floor. This results in a light (2nd floor) and a medium (1st floor) thermal mass according to EN ISO 13790 [21] . Table 1 shows the building properties. The school building is designed and constructed according to the Passive House standard. This means that the air tightness n50 is lower than 0.6 h −1 and the U-values of the envelope parts are maximum 0.15 W/m 2 K. The windows are constructed with triple glazing and have a g-value of 0.52. The window-to-wall ratio is 26.5% on both façades. The window-to-floor ratio is 13%. The windows are equipped with internal and external solar shading. The external solar shading are moveable screens on the southwest façade which are controlled automatically and provided of manual overrule.
The net energy demand for heating in this school building is calculated in [22] . The annual net heating demand is 11 kWh/(m 2 ·a), fulfilling the requirements of Passive House standard in school buildings [23] . In addition, large heat gains during the whole year and a short heating season, i.e., from November till March, are noticed. 
Systems
The building is equipped with an all air system with balanced mechanical ventilation with a total supply airflow of 4400 m 3 /h (see Figure 3 ). Demand controlled ventilation with 4 Variable Air Volume (VAV) boxes control the airflow based on CO2-concentrations in the rooms. For heating purposes, the air is preheated by air-to-air heat recovery, i.e., two cross flow plate heat exchangers connected in series, with an efficiency of 78%. Additionally, heating coils of 7.9 kW each are integrated in the supply ducts in each lecture room. The heating production system consists of a condensing wood pellet boiler with an internal storage of 600 L. The maximum heating power is 8 kW and the maximum efficiency is 95%. 
Ventilative Cooling System
Two different principles of ventilative cooling are implemented in this building: (1) natural night ventilation (2) an air handling unit (AHU) that cools the supply air by controlling the modular bypass and by using indirect evaporative cooling (IEC).
Design of the building and its ventilative cooling systems is described in [22] . Thermal summer comfort and net cooling demand in both lecture rooms are evaluated using building energy simulations (BES). Without ventilative cooling, none of the lecture rooms meet the requirement of EN 15251 [24] of overheating hours less than 5% of the time in use. Night ventilation (with an airflow of 5 h −1 ) significantly lowered the predicted overheating hours. However, it was concluded from these BES simulations that thermal summer comfort was reasonable but not excellent in these densely 
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The building is equipped with an all air system with balanced mechanical ventilation with a total supply airflow of 4400 m 3 /h (see Figure 3 ). Demand controlled ventilation with 4 Variable Air Volume (VAV) boxes control the airflow based on CO 2 -concentrations in the rooms. For heating purposes, the air is preheated by air-to-air heat recovery, i.e., two cross flow plate heat exchangers connected in series, with an efficiency of 78%. Additionally, heating coils of 7.9 kW each are integrated in the supply ducts in each lecture room. The heating production system consists of a condensing wood pellet boiler with an internal storage of 600 L. The maximum heating power is 8 kW and the maximum efficiency is 95%. 
Ventilative Cooling System
Design of the building and its ventilative cooling systems is described in [22] . Thermal summer comfort and net cooling demand in both lecture rooms are evaluated using building energy simulations (BES). Without ventilative cooling, none of the lecture rooms meet the requirement of EN 15251 [24] of overheating hours less than 5% of the time in use. Night ventilation (with an airflow of 5 h −1 ) significantly lowered the predicted overheating hours. However, it was concluded from these BES simulations that thermal summer comfort was reasonable but not excellent in these densely occupied lecture rooms. As a result, it was decided to add indirect evaporative cooling. Moreover, the annual net cooling demand of the building with night ventilation is equal to 6 kWh/(m 2 ·a), fulfilling the Passive House requirement of 15 kWh/( m 2 ·a) in school buildings [23] .
Night ventilation relies on cross ventilation through openable windows at both sides of the room (see Figure 4) . The system includes 10 motorized bottom hung windows (1.29 × 1.38 m 2 , maximum opening angle of 8.8 • ) with a chain actuator. There are 6 windows on the southwestern side and 4 on the northeastern side of the lecture room located at 1m height from the bottom. The depth of the lecture room is 3.96 times the height of the room, i.e., smaller than the maximum depth-to-height of 5 according to the rule of thumb as described in [25] . The total effective opening area of these windows is 4.0% of the floor area.
The modular bypass and IEC are part of the AHU. The maximum airflow rate is 4400 m 3 /h. The maximum capacity of IEC at maximum airflow is 13.1 kW.
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Control Strategy
Control strategy of the systems consists of two parts. First, the control strategy of the mechanical ventilation system (operation of bypass and IEC) during occupancy is based on internal and external temperatures (see Figure 5 left ). This strategy actuates the supply air temperature and the air flow rate. The internal room temperature set point is 22 °C. When the room temperature exceeds the set point +4 °C, the evaporative cooling is activated on maximum airflow rate. IEC is active until the room temperature is lower or equal to the set point −0.5 °C. When the external temperature is higher than 22 °C, indirect evaporative cooling is activated. If the external temperature is between 16 °C and 22 °C, the bypass on the heat exchanger is active. When the external temperature is between 14 °C and 16 °C, 50% of the fresh air is sent through the heat exchanger and 50% is bypassed. When the outside air is colder than 14 °C, the bypass is switched off.
Second, the control strategy at night that actuates the opening of the windows is based on internal temperature and relative humidity and external weather conditions (temperature, rain) measured on site (see Figure 5 right). This strategy is inspired by the recommendations of [26] . The windows remain open/closed for at least 15 min. Windows are opened between 10:00 p.m. and 6:00 a.m. from April 1st to October 31st when the following criteria are fulfilled:

Room temperature exceeds both the heating set point (=22 °C) and the external temperature +2 °C  Maximum room temperature of the previous day exceeds 23 °C  External temperature is higher than 12 °C  Internal relative humidity is smaller than 70%  There is no rainfall and the wind velocity on site is smaller than 10 m/s 
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Measurement Setup
Airflow Rate and Room Air Temperature Profile
Air Changes Rates (ACR) as result of the opening of the windows in the lecture rooms was measured using a tracer gas concentration decay test method in March and April 2017. The used gas is N2O also known as laughing gas. Tests were completed in accordance with the procedures set out in EN 12569 [27] . The measurements were carried out in a representative zone with two opposing windows with a width of 3.04 m (see Figure 6 , left). Tracer gas was injected and sampled in the middle of this small room. A fan was used to spread the tracer gas over the entire zone at to reach a homogenous concentration. This concentration was increased in this sealed room to a constant value of 200 ppm. After reaching this goal, one or two opposing windows (depending on the test) were opened. The accuracy of the tracer gas equipment is 10% of the measured value.
ACR was also estimated from the air velocity measurements. Figure 6 (right) shows the test setup: the air velocity is measured every 10 s during 30 min with omnidirectional sensors. The following 4 locations are selected: V1 and V4 are positioned in the side triangles of the window opening at 0.28 m below the top of the window. In addition, V2 and V3 are positioned in the top opening at 0.43 m from the left and right end of the window (i.e., at 1/3 and 2/3 of the width). The effective area of the window is calculated at 0.109 m². The airflow is determined as the effective area multiplied by the median of the air velocity.
Moreover, the air flow pattern is visualized by measuring air temperatures in the room. Figure  7 shows the grid of sensors: positions with horizontal distances and heights. The measuring 5 different heights for each position were determined as follows (see reference [28] 
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Indoor Climate and Operation of Ventilative Cooling
A set of sensors has been installed to monitor continuously indoor and outdoor conditions and is described in [29] . The lecture rooms have their own weather station that monitors the main outdoor parameters: global horizontal solar radiation, outdoor temperature, relative humidity, wind speed temperature difference between two consecutive heights smaller is than 0.1 °C, i.e., the accuracy of the sensors. Moreover, sensors are distributed over the height of the room, representing the different stratification zones at the different positions. Table 2 shows the resulting measurement heights in plane 2, i.e., the central plane perpendicular to the window opening. 
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A set of sensors has been installed to monitor continuously indoor and outdoor conditions and is described in [29] . The lecture rooms have their own weather station that monitors the main outdoor parameters: global horizontal solar radiation, outdoor temperature, relative humidity, wind speed and direction. For the indoor conditions, the temperature, CO 2 concentration and the humidity are continuously monitored. The occupancy of the lecture room is measured by using counting cameras which were installed in the lecture room. The operational data of the AHU, night ventilation, IEC, heating systems, etc. is also continuously monitored. The data from these sensors are displayed in real time and recorded within a computer based monitoring and control system. The time step is 1 minute. Table 3 shows type and accuracy of the sensors used in this study. In this study, internal temperatures and operation of ventilative cooling are studied during the cooling season in 2017 in the lecture room on the first floor, i.e., from 22 May to 30 September 2017. As there was no occupancy in July and only limited in August, these months are excluded from the analysis.
Belgium has a temperate climate without dry season with warm summer, i.e., climate zone Cfb according to the Köppen-Geiger classification [30] . A typical year includes 28 days with a maximum outdoor temperature above 25 • C. 2017 had 33 and 7 days with a maximum outdoor temperature exceeding 25 • C and 30 • C, respectively [31]. Table 3 presents the results of the tracer gas decay tests for single sided and cross ventilation including the local weather conditions (wind velocity and direction) and the average indoor-outdoor temperature difference during the test. For single-sided and cross ventilation, the 95% confidence interval for ACR is respectively 1.21 to 2.12 and 2.17 to 4.64 h −1 . Figure 8 shows the results of the air velocity measurements for cross ventilation executed at the same moment as the first tracer gas test in Table 3 . The median value on the different positions equals 1.21 m/s, 1.25 m/s, 1.05 m/s, and 0.65 m/s. Only the velocity at position V4 (see set up in Figure 6 ) has a deviating value. This air velocity results in an ACR of 4.21 ± 0.13 h −1 . A good agreement with the result from the tracer gas decay method was found (see line 1 in Table 4 ).
Results and Discussion
Airflow Rate
It can be concluded that these ACR are rather low caused by the large installation depth of the windows in the façade. In the cross ventilation case, the ACR depends, as expected, greatly on wind direction and velocity. The ACR in these lecture rooms can be increased and made more reliable and stable by adding mechanical exhaust. However, this measure will also increase the fan energy. Figure 9 shows the air temperatures measured in the center plane (i.e., plane 2 on Figure 7 ) at the start and 10, 20, and 60 min after opening the window in case of cross ventilation. The horizontal axis shows the distance to the window (starting at 0.5 m), the vertical axis shows the height from the floor (starting at 0.4 m). The local weather conditions (wind velocity and direction) and the average indoor-outdoor temperature difference during the test are summarized in Table 5 . The stratification at the start changes to a more uniform air distribution after 60 min. The air in the whole lecture room is cooled down: in the upper zone by almost 5 °C, in the lower zone by only Figure 9 shows the air temperatures measured in the center plane (i.e., plane 2 on Figure 7 ) at the start and 10, 20, and 60 min after opening the window in case of cross ventilation. The horizontal axis shows the distance to the window (starting at 0.5 m), the vertical axis shows the height from the floor (starting at 0.4 m). The local weather conditions (wind velocity and direction) and the average indoor-outdoor temperature difference during the test are summarized in Table 5 . Figure 9 shows the air temperatures measured in the center plane (i.e., plane 2 on Figure 7 ) at the start and 10, 20, and 60 min after opening the window in case of cross ventilation. The horizontal axis shows the distance to the window (starting at 0.5 m), the vertical axis shows the height from the floor (starting at 0.4 m). The local weather conditions (wind velocity and direction) and the average indoor-outdoor temperature difference during the test are summarized in Table 5 . The stratification at the start changes to a more uniform air distribution after 60 min. The air in the whole lecture room is cooled down: in the upper zone by almost 5 °C, in the lower zone by only The stratification at the start changes to a more uniform air distribution after 60 min. The air in the whole lecture room is cooled down: in the upper zone by almost 5 • C, in the lower zone by only 1 • C. This conclusion is in line with the conclusions of [32] who noticed in a full scale test room with a transition flow with a limited ceiling attachment length during most of the time with a long-term unstable behavior. However, due to the stratified initial conditions, it is hard to derive general conclusions from the results. Figure 10 presents the ratio of operation time of the windows to the possible total opening hours by night (22 h tot 6 h) and the ratio of the operation of the IEC to the operation hours of the AHU by day. IEC and nighttime ventilation are in use during 66% respectively 45% of the time. This finding confirms the conclusions of the prediction simulations of thermal summer comfort in [22] . High internal heat gains cause the need of ventilative cooling during more than half of the occupied hours in the cooling season. In addition, this observation has the effect that the fan energy is increased due to (1) the AHU running at maximum airflow when IEC is in operation and (1) a higher pressure loss caused by the air flowing through the heat exchanger. 1 °C. This conclusion is in line with the conclusions of [32] who noticed in a full scale test room with a transition flow with a limited ceiling attachment length during most of the time with a long-term unstable behavior. However, due to the stratified initial conditions, it is hard to derive general conclusions from the results. Figure 10 presents the ratio of operation time of the windows to the possible total opening hours by night (22 h tot 6 h) and the ratio of the operation of the IEC to the operation hours of the AHU by day. IEC and nighttime ventilation are in use during 66% respectively 45% of the time. This finding confirms the conclusions of the prediction simulations of thermal summer comfort in [22] . High internal heat gains cause the need of ventilative cooling during more than half of the occupied hours in the cooling season. In addition, this observation has the effect that the fan energy is increased due to (1) the AHU running at maximum airflow when IEC is in operation and (1) a higher pressure loss caused by the air flowing through the heat exchanger. In addition, Figure 11 shows the operation of the windows for night ventilation respectively indirect evaporative cooling during extremely warm days in June 2017. In that period, IEC operates the whole day during operation and can lower the supply temperature significantly compared to the outdoor temperature. Natural night ventilation only operated very short time the second night in between two hot summer days because the requirement that the outdoor temperature has to more than 2 °C lower than the room temperature was not fulfilled. This finding confirms the findings of other studies (e.g., [11, 33] ) that night ventilation cannot guarantee good thermal comfort during the whole year and especially not during heat waves. In addition, Figure 11 shows the operation of the windows for night ventilation respectively indirect evaporative cooling during extremely warm days in June 2017. In that period, IEC operates the whole day during operation and can lower the supply temperature significantly compared to the outdoor temperature. Natural night ventilation only operated very short time the second night in between two hot summer days because the requirement that the outdoor temperature has to more than 2 • C lower than the room temperature was not fulfilled. This finding confirms the findings of other studies (e.g., [11, 33] ) that night ventilation cannot guarantee good thermal comfort during the whole year and especially not during heat waves. Figure 12 presents hourly indoor operative temperature in this lecture room. The percentage of hours of exceedance per month above 23 °C, 25 °C , and 28 °C are shown. Furthermore, the number of occupied hours of exceedance of a particular indoor temperature above a threshold value is commonly taken as an overheating performance indicator. In this lecture room, during operation of the AHU, 5.1% and 0.3% of the hours in 2017 exceeded 25 °C respectively 28 °C. This means good thermal comfort according to EN 15251 [24] .
Room Air Temperature Profile
Thermal Comfort
Thermal comfort in this lecture rooms is also evaluated as a function of the running mean outdoor temperature as defined by the Dutch adaptive temperature limits indicator [34] (see Figure  13 ). The maximum indoor temperatures during extremely warm days in June 2017, as discussed before, are indicated in Figure 13 . This graph shows that summer comfort is generally good. Only in hot summer and/or periods with high occupancy, high indoor temperatures are monitored. In addition, very low temperatures are noticed in September in the morning. Figure 12 presents hourly indoor operative temperature in this lecture room. The percentage of hours of exceedance per month above 23 • C, 25 • C, and 28 • C are shown. Furthermore, the number of occupied hours of exceedance of a particular indoor temperature above a threshold value is commonly taken as an overheating performance indicator. In this lecture room, during operation of the AHU, 5.1% and 0.3% of the hours in 2017 exceeded 25 • C respectively 28 • C. This means good thermal comfort according to EN 15251 [24] .
Thermal comfort in this lecture rooms is also evaluated as a function of the running mean outdoor temperature as defined by the Dutch adaptive temperature limits indicator [34] (see Figure 13) . The maximum indoor temperatures during extremely warm days in June 2017, as discussed before, are indicated in Figure 13 . This graph shows that summer comfort is generally good. Only in hot summer and/or periods with high occupancy, high indoor temperatures are monitored. In addition, very low temperatures are noticed in September in the morning. 
Conclusions and Lessons Learned
The test lecture rooms of KU Leuven Ghent Technology Campus are one the demonstration cases of IEA EBC Annex 62: Ventilative Cooling. Two different principles of ventilative cooling are implemented in this building: (1) natural night ventilation, (2) AHU with indirect evaporative cooling (IEC). Thermal comfort in this nZEB school building and the performances of its ventilative cooling systems were evaluated.
Good thermal summer comfort was measured in the test lecture rooms at the Technology campus Ghent of KU Leuven (Belgium). Only during heat waves and/or periods with high occupancy rates, high indoor temperatures were monitored. Both nighttime ventilation and indirect evaporative cooling operate very well. IEC can lower the supply temperature by day significantly compared to the outdoor temperature. IEC is in use during more than half of the occupied hours in the cooling season due to high internal heat gains in the lecture rooms. 
Good thermal summer comfort was measured in the test lecture rooms at the Technology campus Ghent of KU Leuven (Belgium). Only during heat waves and/or periods with high occupancy rates, high indoor temperatures were monitored. Both nighttime ventilation and indirect evaporative cooling operate very well. IEC can lower the supply temperature by day significantly compared to the outdoor temperature. IEC is in use during more than half of the occupied hours in the cooling season due to high internal heat gains in the lecture rooms.
The ACR of the nighttime ventilation is rather low and, in case of cross ventilation, depends a lot on wind direction and velocity. The ACR in these lecture rooms can be increased and made more reliable and stable by adding mechanical exhaust. However, this measure will also increase the fan energy. The room air temperature profile showed that the air in the whole lecture room is cooled down by opening of the windows.
The extensive data monitoring system was of great value to detect malfunctions, to improve the control of the building systems and optimize the whole building performance. Monitoring showed e.g., that the windows for night ventilation opened and closed a lot at night during the first weeks. This was due to (1) poor translation of the signal of the rain sensor and (2) peaks in the wind velocity. These parameters are part of the control of the windows. This malfunctioning was discovered and solved by analyzing the monitoring results.
Furthermore, attention has to be paid to the users. Many different teachers give classes in these lecture rooms. Most of them are not used to automate blinds, ventilation and ventilative cooling. It is important to educate and inform the users about the operation of the automated system to come to a comfortable and energy efficient building.
